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ABSTRACT
Background Rwanda has embarked on ambitious
programmes to provide equitable health services and
reduce mortality in childhood. Evidence from other
countries indicates that advances in child survival often
have come at the expense of increasing inequity. Our
aims were to analyse trends and social differentials in
mortality before the age of 5 years in Rwanda from
1990 to 2010.
Methods We performed secondary analyses of data
from three Demographic and Health Surveys conducted
in 2000, 2005 and 2010 in Rwanda. These surveys
included 34 790 children born between 1990 and 2010
to women aged 15–49 years. The main outcome
measures were neonatal mortality rates (NMR) and
under-5 mortality rates (U5MR) over time, and in
relation to mother’s educational level, urban or rural
residence and household wealth. Generalised linear
mixed effects models and a mixed effects Cox model
(frailty model) were used, with adjustments for
confounders and cluster sampling method.
Results Mortality rates in Rwanda peaked in 1994 at
the time of the genocide (NMR 60/1000 live births,
95% CI 51 to 65; U5MR 238/1000 live births, 95% CI
226 to 251). The 1990s and the ﬁrst half of the 2000s
were characterised by a marked rural/urban divide and
inequity in child survival between maternal groups with
different levels of education. Towards the end of the
study period (2005–2010) NMR had been reduced to
26/1000 (95% CI 23 to 29) and U5MR to 65/1000
(95% CI 61 to 70), with little or no difference between
urban and rural areas, and household wealth groups,
while children of women with no education still had
signiﬁcantly higher U5MR.
Conclusions Recent reductions in child mortality in
Rwanda have concurred with improved social equity in
child survival. Current challenges include the prevention
of newborn deaths.
INTRODUCTION
In 2012, it was estimated that 6.6 million children
worldwide die each year before reaching their ﬁfth
birthday. Forty-four per cent of these deaths occur
during the neonatal period, and almost all are in
low-income and middle-income countries. Although
a remarkable decrease in under-5 mortality (U5M)
has been noted over the past two decades, the rate
of decline remains inadequate, particularly in
sub-Saharan Africa.1 Efforts are needed to improve
child survival in these countries and prioritise neo-
natal mortality, which represents a considerable
proportion of under-5 deaths. Improved coverage of
cost-effective programmes may reduce social gaps in
child survival,2–4 while targeted interventions can
ensure that those most in need are reached.5 6
Rwanda, one of the poorest countries in the
world, experienced a civil war beginning in 1990.
It was followed by the 1994 genocide, which left
more than one million people dead and devastated
a national economy that was already precarious.7 8
After this tragedy, rebuilding the country started
and from 1999 onwards, comprehensive social and
health reforms were scaled up,7 9 10 including the
strengthening of all health system components.11 12
In order to reduce social inequities, the Rwandan
government supports vulnerable groups, including
orphans, dependent genocide survivors, disabled
people, historically marginalised groups and those
living in extreme poverty.13
Against this background, Rwanda provides an
instructive context for the analysis of temporal
equity trends in child survival. The aim of this
study was to examine social differentials in mortal-
ity before the age of 5, and to ask whether mortal-
ity reduction has concurred with improved equity
in child survival.
METHODS
Data
The data were derived from three Rwandan
Demographic and Health Surveys (DHS) conducted
in 2000, 2005 and 2010.14 In these cross-sectional
surveys, a two-stage stratiﬁed cluster sampling
method was employed. From sampled households,
35 413 women between the ages of 15 and 49
were successfully interviewed (ﬁgure 1). The
response rate was 98% in 2000 and 2005, and
99% in 2010. The women were interviewed about
their reproductive history, the survival of their off-
spring, and their personal and household socio-
economic characteristics.
We restricted analyses to children born from 1
January 1990 to 31 December 2010. In order to
avoid overlap between surveys, the 2000 data were
limited to the preceding 10 years (1990–1999), the
2005 survey to the preceding 5 years (2000–2004)
and the ﬁnal 2010 survey to the preceding 6 years
(2005–2010). The weighted sample size was
15 198 births in 2000, 8753 in 2005 and 10 848
in 2010 (ﬁgure 1).
Setting
Rwanda, with a population of approximately 10.6
million and an average of 416 people per km2, is
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ranked the most densely populated country in Africa,15 with
87% of its inhabitants living in rural areas.8 In 2010, literacy
was estimated at 82% in men and 77% in women.15 The esti-
mated gross domestic product per capita at current prices was
US$352 in 1990, US$132 in 1994, US$225 in 2000 and US
$540 in 2010.16 Rwanda is divided into 5 provinces and 30 dis-
tricts that include 14 980 villages, the country’s smallest admin-
istrative unit. The total number of villages sampled was 445 in
2000, 462 in 2005 and 492 in 2010.
Outcomes and socioeconomic characteristics
The main outcomes are neonatal mortality (deﬁned in the DHS
as deaths 0–29 days/1000 live births) and mortality before the
age of 5 years (deaths from birth up to 5 years/1000 live births).
Maternal education was deﬁned as the highest level of education
attained, classiﬁed into ‘no formal education’, ‘primary educa-
tion’, or ‘secondary or higher level of education’. Household
wealth quintiles were used as a proxy for household socio-
economic status14 17 and were distributed into three categories
by merging the two ‘richest’ quintiles into ‘richer’ and the two
‘poorest’ into ‘poorer’. By design, this score is not comparable
across the different surveys and is only used in analysis of the
last survey data (2010).
Analysis
Four time periods were considered: 1990–1994 (war and geno-
cide), 1995–1999 (post-conﬂict period), 2000–2004 and 2005–
2010 (major social and health reforms). Trends in mortality
were graphically represented with 3-year moving averages.
Mortality rates were calculated with 95% CIs. Owing to the
sampling method, weighting was applied for all descriptive sta-
tistics to correctly represent the country.
The effect of maternal educational level, residence and house-
hold wealth on neonatal mortality was analysed using general-
ised linear mixed effects models (GLMM), R package ‘lme4’.18
The association between determinants and U5M was retrieved
by using a mixed-effect Cox model (frailty model), R package
‘coxme’.19 In the crude models, each main determinant was
included as a ﬁxed factor nested within the random factor
primary sample unit (PSU). In the adjusted models, all main pre-
dictors were simultaneously entered into the model, together
with maternal age in years (<20, 20–34, or >34), birth order
(1st birth, 2nd to 6th birth, or >6th birth) and sex of child
(male or female); all were treated as ﬁxed factors nested within
PSU. The GLMM and frailty models were used for the period
2005–2010, almost six years after initiating major social and
health reforms, to analyse equity in child survival as compared
Figure 1 Flow chart of study population (DHS, Demographic and Health Survey).
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with the previous period. The analyses were limited to records
having complete data.
Ethical approval
New ethical approval was not necessary since the study was a
secondary analysis of demographic and health survey data.
RESULTS
From 1990 to 2010, 34 799 children were born to the women
surveyed. Nine children were excluded from the analyses
because their age at death was unknown (ﬁgure 1). Of the
34 790 live births (17 579 boys, 17 211 girls) available for ana-
lysis, 1362 (781 boys, 581 girls) died during the neonatal
period (39/1000 live births; 95% CI 37 to 41/1000 live births)
and 4546 (2373 boys, 2173 girls) died before reaching their
ﬁfth birthday (131/1000 live births; 95% CI 127 to 134/1000
live births). The highest death rates in newborns (57/1000 live
births; 95% CI 51 to 62), and in children younger than 5 years
(194/1000 live births; 95% CI 185 to 203) occurred during the
periods 1990–1994 and 1995–1999, respectively (table 1 and
ﬁgure 2).
A second peak in mortality in 1997 followed a peak at the
time of the genocide (ﬁgure 2). In the latest period covered by
DHS 2010 (2005–2010), the neonatal mortality rate had been
reduced to 26/1000 live births (95% CI 23 to 29), and mortality
before the age of 5 years was 65/1000 live births (95% CI 61 to
70) (table 1 and ﬁgure 2).
The level of maternal education increased over time. Most
children were born to mothers whose education was limited to
primary school and who lived in rural areas (see online
supplementary table S1).
The highest U5M rates were observed among children born
to women with no formal education (table 2 and online
supplementary ﬁgure S1). Child mortality decreased as maternal
education increased during the last 6 years studied.
There was an urban/rural divide in mortality that also
decreased over time (table 2 and online supplementary ﬁgure
S2). In the last period (2005–2010), there were also relatively
small differences in U5M between household wealth strata
(table 2).
No statistically signiﬁcant association was found between
socioeconomic determinants (maternal education level, house-
hold residence and household wealth) and neonatal mortality
from 2005 to 2010 (table 3).
Boys had higher neonatal mortality than girls. Maternal edu-
cation level continued to be associated with U5M during the
period cited, even after adjustment for potential confounders
and other factors (table 4). Neither rural residency nor house-
hold wealth were associated with U5M in either crude or
adjusted analyses.
DISCUSSION
Political developments in Rwanda from 1990 to 2010 are
reﬂected in temporal trends in neonatal and U5M. The peak in
Figure 2 Neonatal, infant and
under-5 mortality rates in Rwanda
(3-year moving averages), 1990–2010.
Analysis of Demographic and Health
Surveys data.
Table 1 Number of live births and under-5 deaths (0–59 months)
Source of data DHS 2000 DHS 2000 DHS 2005 DHS 2010
Follow-up period 1990–1994 1995–1999 2000–2004 2005–2010
Live births 7356 7833 8753 10 848
Deaths
Neonatal (<1 month) 416 351 317 278
Postneonatal (1–11 months) 456 503 419 263
Child (12–59 months) 412 664 302 165
Neonatal deaths per 1000 live births (95% CI) 57 (51 to 62) 45 (41 to 50) 36 (33 to 40) 26 (23 to 29)
Under-5 deaths per 1000 live births (95% CI) 175 (166 to 183) 194 (185 to 203) 119 (112 to 126) 65 (61 to 70)
Data from three DHS, Rwanda, 1990–2010.
Data weighted using sample weight factor from DHS data sets to obtain representative nationwide estimates.
DHS, Demographic and Health Survey.
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death rates during the genocide period and the subsequent work
to rebuild society were followed by the political successes of the
2000s that reshaped mortality curves. Neonatal mortality reduc-
tion, however, has been smaller and calls for greater action.
Reduced mortality has been accompanied with increasing social
equity in child survival, especially regarding urban/rural differ-
entials. The social divide in mortality levels was also narrow
among household wealth groups. Children of mothers with
little or no education still show excess mortality.
Strengths and limitations
We reduced potential recall bias by restricting our analysis to
children born within 10 years prior to the DHS 2000, 5 years
before the DHS 2005 and 6 years preceding the DHS 2010, as
described earlier. The quality of mortality data is judged to be
less affected by recall errors when the events take place not
more than 10 years before the survey.20 Social characteristics,
such as a mother’s education, residence and household wealth
reﬂect the situation at the time of the survey.8 20 A woman’s
educational level generally does not change after the birth of
her ﬁrst child, although urban or rural residency and household
wealth may vary over time. Again, reducing the recall period to
5 or 6 years, as was the case in the second half of the study
period, would reduce this misclassiﬁcation risk. The cluster sam-
pling method was adjusted for in the analyses.
The calculation and graphical representation of mortality
rates were based on a 3-year moving average. Thus, the levels of
mortality reported in this study should not necessarily be com-
parable to those published in the Rwandan DHS reports that
covered 5 years preceding each survey.
Temporal trends in mortality
In the early 1990s, mortality peaked at the time of the 1994
genocide, which also devastated human resources in the health
sector and destroyed health infrastructure.8 The postgenocidal
period coincided with a rapid reduction in infant and U5M, as
security improved and the country beneﬁted from strong assist-
ance from the international community. This international
support later decreased, which is perhaps responsible for the
second mortality peak in the 1990s. Provision of free health-
care, which was suspended from 1994 to 1996, was thereafter
reintroduced.21 The abolition of health service user fees has
been shown to prevent under-5 deaths in African countries and
could partly explain the reduction of deaths immediately after
Table 3 Crude and adjusted ORs from generalised linear mixed
effects model of neonatal mortality risks in relation to social
characteristics of mothers and households, Rwanda, 2005–2010
Characteristic
Crude analyses* Adjusted analyses†
OR 95% CI OR 95% CI
Maternal education
Secondary or higher Reference Reference
Primary 1.29 0.74 to 2.27 1.19 0.62 to 2.26
No formal education 1.50 0.81 to 2.78 1.29 0.63 to 2.65
Household residence
Urban Reference Reference
Rural 1.35 0.86 to 2.12 1.28 0.67 to 2.45
Household wealth‡
Richer Reference Reference
Middle 0.95 0.60 to 1.52 0.86 0.51 to 1.45
Poorer 1.30 0.90 to 1.86 1.15 0.76 to 1.76
Maternal age (years)
<20 1.36 0.72 to 2.58
20–34 Reference
>34 1.52 0.94 to 2.44
Birth order
1st birth 1.22 0.79 to 1.87
2nd to 6th birth Reference
>6th birth 0.97 0.54 to 1.74
Sex of child
Male Reference
Female 0.71 0.53 to 0.97
*Crude analyses on neonatal mortality performed by means of generalised linear
mixed effects model (logit link function). Fixed factors (maternal education and
residence and household wealth) included separately in models, nested within
random factor cluster.
†Adjusted analyses on neonatal mortality performed by means of generalised linear
mixed effects model. Fixed factors (maternal education and residence, and household
wealth, maternal age, birth order and sex of child) included simultaneously in model,
nested within random factor cluster.
‡Two richest and two poorest quintiles dichotomised as ‘richer’ and ‘poorer’ quintiles.
Table 2 Mortality rates before the age of 5 years, 1990–2004 and 2005–2010, and in different strata (maternal educational levels, urban or
rural residence and household wealth levels)
Characteristic
1990–2004 2005–2010
Live births Deaths Rate per 1000 live births (95% CI) Live births Deaths Rate per 1000 live births (95% CI)
All 23 942 3840 160 (156 to 165) 10 848 706 65 (61 to 70)
Maternal education
Secondary or higher 2032 185 91.0 (79.3 to 104) 954 49 51 (39 to 67)
Primary 13 269 2012 152 (146 to 158) 7752 484 62 (57 to 68)
No formal education 8641 1643 190 (182 to 199) 2142 173 81 (70 to 93)
Maternal residence
Urban 3249 355 109 (99.0 to 120) 1292 75 58 (47 to 72)
Rural 20 693 3485 168 (163 to 174) 9556 631 66 (61 to 71)
Household wealth*
Richer 3854 226 59 (58 to 67)
Middle 2156 147 68 (58 to 80)
Poorer 4838 333 69 (62 to 76)
Data weighted using sample weight factor from the Demographic and Health Surveys to obtain representative nationwide estimates. Household wealth strata only shown for most recent
time period, since relative household asset scores not comparable across different Demographic and Health Surveys.
*Two richest and two poorest quintiles were dichotomised as ‘richer’ and ‘poorer’ quintiles.
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the genocide.22 From the end of the 1990s scale-up of compre-
hensive social and health reforms, a remarkable decrease in mor-
tality occurred. In 2010 Rwanda had a lower U5M rate than all
its bordering countries.1 Nevertheless, the rate of child mortal-
ity reduction in Rwanda turns out to be insufﬁcient to reach the
Millennium Development Goal 4 by 2015. The relatively small
reduction in neonatal mortality may reﬂect too little attention
being given to the mother-and-newborn dyad and the need for
neonatal survival strategies, as conﬁrmed by reports from other
low-income countries.23
Key drivers of mortality reduction
After the 1994 genocide, the Rwandan government concen-
trated its attention on political stability, trying to reinvigorate its
national economy while receiving humanitarian assistance. In
the early 2000s, the country embarked on a ﬂagship programme
known as Rwanda Vision 2020, a long-term strategy to lift
Rwanda from low-income to middle-income status by the year
2020.24 The ‘One Cow per Poor Family Program’, or Girinka,
is one of the pro-poor efforts aimed at increasing the availability
of milk and improving family incomes.25 Extreme poverty has
decreased from 45% in 2000 to 24% in 2010.26
Health system strengthening
The Rwandan government has initiated several reforms in the
health sector during the last decade. These reforms relate to the
six building blocks of the health system, which are interrelated
and dependent on each other, as expressed by WHO.11
Health services delivery
After 2005, geographical accessibility to health services was
improved by construction of ﬁve new district hospitals and 49
health centres, while 98 dispensaries and health posts were
made available throughout the country.27 An emergency trans-
portation service with 168 ambulances was also launched.28
A Maternal and Child Health Unit was formed at the Ministry
of Health. Emergency Obstetric and Newborn care packages
were implemented, and strategies to provide basic and intensive
care in neonates were reinforced. A large number of pro-
grammes and initiatives were begun along the continuum of
care for maternal, newborn and child health. Maternal mortality
audits and later neonatal mortality audits were scaled up in all
hospitals. The Integrated Management of Childhood Illnesses
(IMCI) strategy became operational. In 2002, the Prevention of
Mother to Child Transmission of HIV (PMTCT) programme
was initiated and the number of health facilities offering
PMTCT services increased to 382 in 2010. The immunisation
schedule was expanded by the inclusion of new vaccines and
vitamin A supplementation.29 The Ministry of Health also
adopted a strategic plan to ﬁght malnutrition.
Human resources for health
Formerly, health staff was unevenly distributed between rural
and urban areas. The government acted to increase the quantity
and quality of human resources for health. Educational institu-
tions for health professionals were strengthened, followed by
polices for the rational use of human resources, accreditation,
professional training and supervision, and performance-based
ﬁnancing (PBF), to improve the quality of care and the retention
of the health workforce.30 By 2012, the number of medical
doctors had increased from 148 in 1999 to 641, and nurses and
midwives from 1143 in 1999 to 8591. Community health
workers were also involved in healthcare delivery under the
close supervision of health centres and district hospitals, and
their numbers reached 45 000 in 2010.30
Health information system
The Rwandan Health Management Information System incor-
porated more modern information technologies from the late
1990s onward. The Rapid Short Message Service (RapidSMS)
system was an m-Health approach to preventing maternal and
infant mortality; pregnant women and infants were monitored
by community health workers who notiﬁed those who required
follow-up by SMS. Community health workers reported man-
agement of childhood illnesses, child nutritional status and vac-
cinations, and maternal health and deaths through another
m-Health system called mUbuzima.31
Medicines, vaccines and technologies
The availability and quality of medicines, vaccines, consumables
and medical equipment were given priority by the government.
A Center for Purchasing of Essential Medicines (CAMERWA)
was created at an early stage and pharmaceuticals were centrally
procured for government-assisted health facilities. Private
wholesale and retail pharmacies also increased the availability of
medical products and consumables.7
Health ﬁnancing
In 1999, a community health insurance scheme, known as
Mutuelle de Santé, was established and covered 91% of the
Table 4 Crude and adjusted HRs from mixed effect Cox model
(frailty model) of under-5 mortality risks by social characteristics of
mothers and households, Rwanda, 2005–2010
Characteristic
Crude analyses* Adjusted analyses†
HR 95% CI HR 95% CI
Maternal education
Secondary or higher Reference Reference
Primary 1.14 0.84 to 1.53 1.10 0.81 to 1.51
No formal education 1.50 1.09 to 2.07 1.42 1.00 to 2.01
Household residence
Urban Reference Reference
Rural 1.14 0.89 to 1.48 1.06 0.80 to 1.40
Household wealth‡
Richer Reference Reference
Middle 1.09 0.87 to 1.37 1.04 0.82 to 1.31
Poorer 1.13 0.94 to 1.36 1.06 0.87 to 1.29
Maternal age (years)
<20 1.27 0.92 to 1.75
20–34 Reference
>34 1.07 0.84 to 1.37
Birth order
1st birth 1.10 0.90 to 1.35
2nd to 6th birth Reference
>6th birth 1.19 0.90 to 1.57
Sex of child
Male Reference
Female 0.87 0.74 to 1.02
*Crude analyses of under-5 mortality performed by mixed effect Cox model (frailty
model). Fixed factors (maternal education, residence, household wealth) included
separately in models, nested within random factor cluster.
†Adjusted analyses of under-5 mortality performed by means of mixed effect Cox
model. Fixed factors (maternal education, residence, household wealth, maternal age,
birth order and sex of child) included simultaneously in model, nested within random
factor cluster.
‡Two richest and two poorest quintiles dichotomised as ‘richer’ and ‘poorer’ quintiles.
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population by 2010.32 Beginning in 2002, the PBF strategy was
gradually scaled up throughout the country.33 The government
budget allocated to health increased from 8.6% in 2002 to
11.5% in ﬁscal year 2010.30
Leadership and governance
In 1996, the government adopted the Lusaka Declaration that
stresses gender equity, decentralisation of healthcare by the
development of a primary healthcare system and strengthening
of community participation.8 A decentralisation process of
health and administrative sectors became a reality in 2006.34
Particular attention was given to supervision, evaluation, moni-
toring and coordination of services at all levels. Zero tolerance
for corruption was emphasised, resulting in Rwanda receiving a
high ranking among the least corrupt countries in the world in
2012.35 Good governance and leadership have been credited as
the main contributing factors to the improved coverage of
maternal health services in Rwanda.9
Social differentials in mortality
Mortality rates of children under 5 years of age are usually
higher if their mothers have not attended school.36–38 This was
the case in the analysis of the Rwandan data, even in the most
recent survey (2005–2010), although the gap had been reduced.
The education of girls may provide future mothers with more
insight into potential health risks, give them improved self-
conﬁdence, and positively inﬂuence their position in the family
and society.39 The Rwandan government has recently upgraded
basic education to 12 years, which may further inﬂuence child
survival in a favourable direction.40 A large number of studies
have demonstrated the role of poverty as a key determinant in
infant and child mortality.36 41 It should be noted that U5M did
not signiﬁcantly differ between richer and poorer households in
2005–2010. This may reﬂect a pro-poor focus in Rwandan pol-
icies that has reduced gaps in child survival. A recent analysis of
DHS data on neonatal mortality from 24 low-income and
middle-income countries, including Rwanda, indicated hetero-
geneity in results but, for most countries, a decrease in socio-
economic inequality in neonatal mortality.42 A decrease in
socioeconomic inequality in mortality was also reported from a
population-based study of infant mortality in Vietnam, a
country where efforts have also been made to combine universal
health coverage with targeted efforts for disadvantaged
groups.37 The government has also initiated programmes to
reduce poverty and develop the economy, especially over the
last decade, with particular attention to social inequalities.43 An
urban/rural divide in child survival has frequently been
reported.39 In Rwanda, this gap was substantially reduced in the
2005–2010 period, and no statistical difference was thereafter
noted between rural and urban areas, perhaps reﬂecting that the
previous low coverage of opportunities and programmes in
rural areas has changed. Countrywide strategies may have con-
tributed to such improvements as the participation of commu-
nity health workers in health services delivery and the
traditional approach called Ubudehe, which involves the active
participation of a community in addressing its own problems.43
CONCLUSIONS
Rwanda has made successful efforts during the 2000s, which
have resulted in gradual decrease in child mortality and reduced
social differentials in survival, but neonatal mortality rate consti-
tutes a continuing challenge. The combination of efforts to
reach universal coverage of key maternal and child interven-
tions, combined with targeted programmes for vulnerable
groups, reinforced by pro-equity efforts in other sectors of
society, may further reduce the absolute levels of mortality in
children and social differentials in survival.
What is already known on this subject
Rwanda has embarked on ambitious programmes to provide
equitable health services and reduce mortality in childhood.
Evidence from other countries indicates that advances in child
survival have often come at the expense of increasing inequity.
What this study adds
An impressive reduction in mortality before the age of 5 years
has taken place in Rwanda between the years 1990 and 2010, and
has concurred with increased social equity in child survival (rural/
urban and wealth disparity), while children born to mothers with
little education still have higher mortality.
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